The aim of this study was to characterize rhizobial isolates from Cratylia mollis Mart. ex Benth, Calliandra depauperata Benth. and Mimosa tenuiflora (Willd.) Poir. by means of rhizobial colonies morphology and restriction analysis of the 16S ribosomal gene (16S rDNA-ARDRA). Nodules were collected in the field and from plants cultivated in a greenhouse experiment using Caatinga soil samples. Sixty seven isolates were described by morphological analysis. Forty seven representative isolates were used for ARDRA analysis using seven restriction enzymes. We observed high diversity of both slow and fast-growing rhizobia that formed three morpho-physiological clusters. A few fast-growing isolates formed a group of strains of the Bradyrhizobium type; however, most of them diverged from the B. japonicum and B. elkanii species. Cratylia mollis nodule isolates were the most diverse, while all Mimosa tenuiflora isolates displayed fast growth with no pH change and were clustered into groups bearing 100% similarity, according to ARDRA results.
INTRODUCTION
The family Leguminosae consists of eighteen thousand species classified into around 650 genera widely spread around the globe (7) . Distribution of these species over extreme environments has been attributed to the development of morpho-physiological mechanisms such as drought adaptation (6) . The Caatinga biome is characterized by its shortage of water and by its edaphic and microclimate heterogeneity. All these features determine quite peculiar patterns of species distribution that allow for a large floristic diversity. Out of the 1041 species cataloged in the Caatinga, about 40% belong to the family Leguminosae, which has expressive relevance to the region, ecologically, socially and economically (10) . Among these, the species Cratylia mollis Mart. ex Benth., Calliandra depauperata Benth. and Mimosa tenuiflora (Willd.) Poir. are used as forage for livestock, as firewood and as hedge (7, 11) .
Most of species of this botanic family are capable of establishing symbiotic relationships with nitrogen-fixing bacteria in the Caatinga, helping to maintain soil fertility in the region (26) . However, not much is known about the diversity of rhizobia that induces root nodules on C. mollis, C. depauperata and Mimosa tenuiflora.
In recent years, as molecular tools have been used in the 202 Teixeira 
MATERIALS AND METHODS
Soil samples were collected from a Caatinga area (Petrolina, Pernambuco State, Brazil). The C. mollis and C. depauperata plants were grown in a pot with soil and sand (1:2, w:w), and kept in a greenhouse to the plant growth and development of the root nodules. The M. tenuiflora nodules and a portion of the C. mollis nodules were also field-collected in the same plot.
The nodules were washed with alcohol (70% v/v -1 mim), to break the surface tension, superficially disinfected with hydrogen peroxide (H 2 O 2 -5 min) and washed five times with sterile distilled water. The surface disinfected nodules were crushed with claw on Petri dishes containing solid YMA medium with congo red indicator (27) . The Petri dishes were incubated at 28°C for seven days with diary observation. The rhizobial isolates were transferred to Petri dishes containing YMA medium with bromothymol blue (27) , purified and stored.
To the morphological characterization rhizobial isolates were grown in YMA medium (27) , the parameter considered was growth period, pH alteration of culture medium, colony color, edge type, uniformity of the culture in the dish, colony diameter, and mucus consistency and elasticity (29) .
Total DNA was extracted using Tris-EDTA-SDS buffer (50 mM Tris, 10 mM EDTA, 1% SDS, pH 8, 0 Morphological characterization data and ARDRA profiles were converted into an absence/presence binary matrix (0, 1).
Simple Matching Coefficient and the UPGMA clustering method, available in the NTSYS program, version 2.1 (18), were used to build dendrograms.
RESULTS AND DISCUSSION
Sixty seven isolates from the three species were obtained and morphologically characterized. Thirty nine out of these were isolated from field-collected nodules and 28 from nodules acquired in a greenhouse. Forty isolates (59.7%) were extracted from the C. mollis nodules, 23 were derived from the field and 17 from greenhouse experiment. Eleven C. depauperata isolates were collected from root nodules grown in a greenhouse, while 16 M. tenuiflora isolates were obtained from nodules collected from the field.
In relation to the growth period, 6 isolates were characterized as slow-growing and 61 isolates as fast-growing ( Figure 1 ). It was observed that all slow growing isolates were Regarding the type of pH change in the culture medium, 12 isolates were able to acidify the medium, 3 alkalized the medium, and 52 did not alter the pH of the medium ( Figure 1 ).
The fact that fast-growing rhizobia have been often found in 
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Another study detected a high diversity of rhizobia using
Arachis hypogaea (20) only in the morphologic analysis, but also in the restriction analysis of the 16S rDNA gene (Figures 2 and 3) . M. tenuiflora isolates formed a consistent cluster both morphological and ARDRA analysis (Figures 2 and 3) . Several isolates present in subgroups of cluster B through the morphological (Figure 2) formed consistent clusters through ARDRA analysis ( Figure   3 ).
In recent years the classification of these microorganisms had been carried out with polyphasic taxonomic approaches, which aggregates phenotypic, genotypic and phylogenetic information (14, 17, 30, 33, 34) . The studies that involve phenotypic and genetic characterization of rhizobial strains are important to elucidate relationships among these strains.
The results demonstrated the wide diversity of rhizobia present in the Caatinga, not only on a morphological level but also on a genetic level, as based on the three host legumes
Cratylia mollis, Mimosa tenuiflora and Calliandra depauperata, which are typical of plants well adapted to the semi-arid climate and that until now had not been extensively studied in relation to the diversity of associated rhizobia. The knowledge about the ecology of Caatinga indigenous rhizobia must reveal parameters related to strain adaptability and symbiotic specificity, which are useful when selecting efficient strains to new inoculant formulations development (13, 16) .
